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96 The Journal of Thoracic and Cardiobjective: We compared the echocardiographic geometry of the preoperative and
ostoperative left ventricular outflow tract in children and adults with isolated fixed
ubaortic stenosis with age- and weight-matched controls to elucidate whether the
eometry can be modified when surgical intervention is performed at a younger age.
ethods: The mitral–aortic valve distance, aortic valve diameter, aorto–left ven-
ricular septal angle, degree of aortic valve dextroposition, aortic valve–subaortic
tenosis distance, width of left ventricular outflow tract, left ventricle wall thickness,
nd septal thickness were determined preoperatively and postoperatively in 21
atients and 21 controls. The measurements were indexed to body surface area.
atients were divided into 3 age groups: group 1 comprised 9 patients aged 1 to 10
ears, group 2 comprised 8 patients aged 11 to 20 years, and group 3 comprised 4
atients aged 21 years or more.
esults: Compared with controls, patients had a significantly wider mitral-aortic
eparation (group 1, P .003; group 2, P .02), a steeper aortoseptal angle (group
, P  .02; group 3, P  .03), a smaller left ventricular outflow tract width (group
, P  .003; group 2, P  .01), a marked aortic valve dextroposition (groups 1 and
), an increased left ventricle wall thickness (group 1, P  .03), and an increased
eptal thickness (group 1, P  .01). There was a significant difference between
reoperative and postoperative values in aortoseptal angle and left ventricular
utflow tract width in patients up to 10 years of age (P  .02 and P  .01,
espectively).
onclusions: Hearts with isolated subaortic stenosis have abnormal left ventricular
utflow tract geometry that postoperatively showed changes in left ventricular
utflow tract width and aortoseptal angle. Compared with controls, the aortoseptal
ngle does not “normalize” when surgery is performed in older patients, suggesting
hat left ventricular outflow tract geometry may be remodeled in younger patients.
ixed subaortic stenosis is usually a fibromuscular ring or crescent-like shelf
below the aortic valve. The incidence of subaortic stenosis is 0.25 for every
1000 live births.1 Accounting for 8% to 20% of all forms of left ventricular
utflow tract (LVOT) obstruction,2 subaortic stenosis is the second most common
ype of fixed aortic stenosis after valvar aortic stenosis.3-5 Morphologic abnormal-
ties of the LVOT and abnormal flow pattern and turbulence have been suggested to
ead to proliferation of tissues in the subvalvar region.2,6 A high recurrence rate after
urgical resection of the subvalvar lesion may suggest that residual tissue was left
naltered by surgery. Patients with ventricular septal defects have already been
escribed to be at risk of turbulence and, consequently, subaortic stenosis. 3 Echo-
ardiography is the current standard diagnostic tool for subaortic stenosis. The aim
f this study was to identify abnormal morphologies by echocardiography of the
vascular Surgery ● January 2007
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A
CDVOT tract region in children and adults with fixed sub-
ortic stenosis and intact ventricular septum. We also aimed
o examine whether surgical resection of the lesion not only
elieves the narrowing of the outflow tract but also alters its
eometry. Because the timing of surgical intervention re-
ains contentious,3,10,13 we explored whether there is any
vidence for “remodeling” of the outflow tract in younger
atients.
aterials and Methods
atients
his retrospective study comprised all patients with fixed subaortic
tenosis and intact ventricular septum diagnosed by echocardiog-
aphy at The Royal Brompton Hospital from 2000 to 2005. Ac-
ording to their age at the time of operation, the patients were
llocated into 3 groups (1-10 years, 11-20 years, and 20 years).
here were 21 patients with subaortic stenosis and intact ventric-
lar septum (14 males, 7 females). Nine patients with a median age
f 5 years were in group 1, 8 patients with a median age of 12 years
ere in group 2, and 4 patients with a median age of 38.5 years
ere in group 3. All patients had subaortic ridge resection only.
he diagnosis of fixed subaortic stenosis was based on the dem-
nstration of a localized subvalvar obstruction in the LVOT tract
ccording to the criteria of Weyman and colleagues.7 Postopera-
ive echocardiography was carried out within 1 month of surgery.
igure 1. Parasternal long-axis view showing mitral–aortic valve
Abbreviations and Acronyms
BSA  body surface area
LVOT left ventricular outflow tractistance and aortic valve diameter. Ao-MV, Aortic–mitral valve.
The Journal of Thoracicchocardiograms of age-, gender-, and weight-matched healthy
olunteers were used as controls.
chocardiography
he controls and available preoperative and postoperative echo-
ardiograms were reviewed, and suitable frames were selected for
easurements. One observer, blinded from the clinical data, made
he measurements on 3 separate occasions and averaged the values.
he following measurements were made.
● The mitral–aortic valve distance (Figure 1) in the parasternal
long-axis view at systole was measured from the hinge point
of the noncoronary aortic valve leaflet to the hinge point of
the aortic leaflet (anterior leaflet) of the mitral valve.
● The aortic valve diameter (Figure 1) was measured in the
parasternal long-axis view in midsystole between the hinge
points of the right coronary and noncoronary aortic leaflets.
● The aortoseptal angle (Figures 2 and 3, A) was measured
using a transparent protractor superimposed on the angle
formed by the long axis of the ascending aorta and the plane
of the ventricular septum according to the method described
by Fowles and colleagues.8
● The degree of aortic valve dextroposition (Figure 4) was
measured from the apical 5- and 2-chamber views in
midsystole. This feature was previously described as
“aortic override.” This was the degree of juxtaposition to
the long axis of the ventricular septum and was assessed
as normal, mild, or marked when the long axis intercepts
the aortic annulus by less than one third, between one
third and two thirds, and more than two thirds, respec-
tively.
● The aortic valve and subaortic shelf distance (Figure 5) was
measured in end diastole on the parasternal long-axis view
from the septal attachment of the ridge to the base of the
right aortic leaflet.
● The LVOT width was measured in systole (Figure 5) from
the parasternal long axis of the left ventricle from the inner
igure 2. Aortoseptal angle formed by the long axis of the as-
ending aorta and the plane of the ventricular septum.edge of the junction between the posterior aortic wall and
and Cardiovascular Surgery ● Volume 133, Number 1 197
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A
CDaortic leaflet of the mitral valve and the interventricular
septum below the aortic valve.
● The left ventricular posterior wall thickness was measured in
diastole using M-mode recordings or parasternal long-axis
2-dimensional images as the distance between the endocar-
dium and the epicardium of the posterior wall.
● The end-diastolic septal thickness was measured using M-
mode recordings or long-axis 2-dimensional images.
● The LV dimension was the distance between the septal and
posterior endocardium at end diastole and end systole.
● Aortic regurgitation was graded as mild, moderate, or severe
using parasternal long-axis view and color Doppler jet di-
ameter according to Frommelt and colleagues.9
● The peak LVOT gradient was measured from continuous-
wave Doppler velocities using a 2- or 5-chamber view and
the simplified Bernoulli equation (gradient  4V2).
The above measurements were indexed to body surface area
igure 3. A, Preoperative acute aortoseptal angle formed by the
ong axis of the ascending aorta and the plane of the ventricular
eptum in hearts with subaortic stenosis and intact ventricular
eptum. B, Postresection of the subaortic ridge. The aortoseptal
ngle as shown is significantly wider than pre-resection, dem-
nstrating the “remodeling” of the LVOT after surgery.BSA) for intergroup comparisons. o
98 The Journal of Thoracic and Cardiovascular Surgery ● Janutatistics
he measurements were expressed as the median with an inter-
uartile range (25th-75th percentile). The Mann–Whitney non-
arametric test was used to compare each group of patients with its
atched controls. The Wilcoxon nonparametric signed–rank test
igure 4. Mild aortic valve dextroposition when the long axis
ntercepts the aortic annulus by less than one third. This dex-
roposition is marked in hearts with subaortic stenosis and intact
entricular septum.
igure 5. Parasternal long-axis view demonstrating subaortic
idge, width of LVOT, aortic valve, and subaortic stenosis dis-
ance. SAS, Subaortic stenosis; Ao, aortic; LVOT, left ventricular
utflow tract.
ary 2007
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A
CDas used to compare preoperative and postoperative values in each
roup. The Kruskal–Wallis nonparametric test was used to com-
are the different age groups.
esults
chocardiographic Measurements
able 2 shows the preoperative echocardiographic findings
n patients and controls. Significant findings were found in
ach of the following parameters indexed to BSA:
The mitral–aortic valve distanceBSA in groups 1 and 2
as wider than in the controls (P  .003 and P  .02,
espectively), and the aortoseptal angle in groups 1 and 3
as steeper than in the corresponding controls (P .02 and
 .03, respectively).
The LV outflow tract width BSA in groups 1 and 2 was
arrower than in controls (P  .003 and P  .01, respec-
ively), LV posterior wall thicknessBSA in group 1 was
hicker than in the corresponding control (P  .03), and
eptal thickness BSA in group 1 was greater than in the
atched control group 1 (P  .01).
There were no significant differences between patients
nd controls with regard to indices of aortic valve and LV
imensions in diastole and systole (Table 2).
Table 3 shows preoperative and postoperative echocar-
iographic findings in patients. The aortoseptal angles in
roup 1 and the LVOT widthBSA in group 1 were signifi-
antly wider.
Comparison of postoperative findings with controls showed
significant difference only in the aortoseptal angle in group 3
nd LV posterior wall BSA and septal thicknessBSA in group 1
Table 4).
iscussion
nlike previous studies, our study focused on children and
dults without ventricular septal defects who were aged 4.7
ABLE 1. Clinical characteristics of the study groups
Group 1 (n
ale/female ratio 9:0
edian age (y) at operation 5 (4.7-6.
reoperative echo gradient (mm Hg) 70 (57.5-8
ostoperative echo gradient (mm Hg) 13.3 (8.9-35
SA (m2) 0.77 (0.75-0
ortic regurgitation (preoperative) 6 (67%)
Mild 5
Moderate 1
Severe 0
postoperative) 5 (55%)
Mild 4
Moderate 1 (11%)
Severe 0
SA, Body surface area.o 42.5 years at operation during this survey period. Trans- t
The Journal of Thoracichoracic and transesophageal echocardiography are useful in
dentifying LVOT abnormalities in subvalvar aortic steno-
is.9,10,19-22 The progression of both the severity of obstruc-
ion and the degree of associated aortic regurgitation can be
ssessed by outflow tract Doppler pressure gradient.19
There was a significant difference between preoperative
nd postoperative values in aortoseptal angle (Figure 3, A,
) and LVOT width in patients up to 10 years of age. It is
nteresting that the aortoseptal angle was more acute in
dults than children despite the higher range of preoperative
cho gradient in the younger patients.
eft Ventricular Outflow Tract Morphology
n our study, patients with subaortic stenosis and intact
entricular septum had a significantly wider mitral-aortic
eparation compared with controls (Figure 1), confirming
he findings previously reported in studies that mixed iso-
ated lesions with associated ventricular septal defect and
ther complex malformations.1,6,23 This feature was evident
cross all 3 age groups of our patients, although it was more
vident in the younger patients (Table 2).
Mitral-aortic separation could be caused by transducer
ngulation, but Rosenquist and colleagues’ anatomic study
uggested that a prominent left-sided ventriculoinfundibular
old may contribute to the development of mitral-aortic
alve separation.30 From our anatomic observations, the
erceived separation can be attributable to “displacement”
f the mitral hinge by left atrial myocardium overlapping
he atrial aspect of the leaflet, not a muscular fold. Persis-
ence of the left-sided ventriculoinfundibular fold is often
een in equine hearts but infrequently seen in human
earts with normal arrangement and connections of the
hambers.
Kleinert and Geva2 reported a significantly steeper aor-
Group 2 (n  8) Group 3 (n  4)
5:3 0:4
12 (11.5-14.5) 38.5 (32.5-42.5)
60 (34.7-67.5) 70 (44.5-77.5)
5.4 (4.7-13.4) 28.5 (21.5-36.5)
1.39 (1.2-1.5) 1.80 (1.73-2.0)
7 (87%) 3 (75%)
6 2
1 1
0 0
4 (50%) 2 (40%)
3 1
1 (12%) 1 (20%)
0 0 9)
2)
4.5)
.3)
.97)oseptal angle in patients with or without ventricular septal
and Cardiovascular Surgery ● Volume 133, Number 1 199
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A
CDefect. We report a similar finding in isolated subaortic
tenosis (Table 2) and concur with their observation of
xaggerated “aortic override.” However, the term “over-
ide” is not used in the conventional sense because none of
he hearts in our study had a subaortic ventricular septal
ABLE 2. Preoperative echocardiographic findings in patie
Group 1
o. of patients 9
o. of controls 9
ge at operation (y) 5 (4.7-6.2)
ge of controls (y) 5 (3.7-6)
V-AV separationBSA
Patients 9.7 (8.7-10.7)
Controls 4.4 (3.9-5.2)
P  .003
ortic valve annulusBSA
Patients 18.84 (18.39-20.05)
Controls 19.10 (17.15-19.85)
P  .69
ortoseptal angle (degree)
Patients 125 (114.25-130.50)
Controls 133 (130.25-138.5)
P  .022
ortic valve dextroposition
atients/controls
Normal 0 (0%)/0 (0%)
Mild 4 (44%)/2 (22%)
Marked 5 (55%)/3 (33%)
V-SAS distanceBSA
Patients 6.42 (5.73-8.34)
VOT widthBSA
Patients 8.68 (7.78-10.40)
Controls 16.80 (16.45-18.05)
P  .003
V wall thicknessBSA
Patients 8.36 (7.3-9.5)
Controls 6.8 (6.27-7.52)
P  .03
eptal thicknessBSA
Patients 11.04 (7.85-12.24)
Controls 6.5 (6.25-7.17)
P  .014
V dimensionsBSA (in end diastole)
Patients 43.42 (41.32-45.95)
Controls 41.2 (39.37-44.35)
P  .62
V dimensionsBSA (in end systole)
Patients 26.21 (23.28-27.56)
Controls 27.4 (25.17-32.77)
P  .188
V, Left ventricle; BSA, body surface area; LVOT, left ventricular outflow
tenosis.efect for the valve to be overriding. Instead, we use the t
00 The Journal of Thoracic and Cardiovascular Surgery ● Januerm “aortic valve dextroposition,” and this feature was
ore marked in patients who were 21 years and older
group 3). Our study did not show a significant difference in
ortic valve diameters between patients and controls. There
as a significant increase in septal and left ventricular wall
and controls
Group 2 Group 3
Groups 1/2/3
Kruskal-Wallis
P value
8 4
8 4
12 (11.5-14.5) 38.5 (32.5-42.5)
12 (11.5-14.5) 38.5 (33-42.5)
6.2 (4.9-7.2) 4.8 (4.4-5.9) P  .002
2.5 (2.3-3.1) 4.5 (4.5-4.5)
P  .024 P  .8
15 (13-16.96) 13.85 (12.18-14.42) P  .001
13.9 (13.6-15.32) 14.3 (14.3-14.3)
P  .78 P  .8
118 (113-128) 110 (105-110) P  .025
28.5 (126.5-131.5) 129 (122.5-135)
P  .16 P  .029
0 (0%)/0 (0%) 0 (0%)/0 (0%)
5 (62%)/4 (50%) 0 (0%)/1 (20%)
3 (37%)/0 (0%) 4 (100%)/3 (60%)
4.81 (4.14-5.76) 4 (3.71-5.17) P  .009
7.68 (7.45-8.68) 8.06 (6.72-8.12) P  .151
13.7 (11.60-13.70) 10.9 (10.9-10.9)
P  .012 P  .5
6.47 (5.98-7.12) 6.94 (6.13-7.81) P  .015
6 (5.47-6.52) 4.6 (4.6-4.6)
P  .49 P  .4
6.46 (5.65-7.93) 7 (5.9-9.5) P  .022
4.80 (4.65-5.47) 6 (6.00-6.00)
P  .13 P  .8
0.25 (29.26-34) 27.42 (24.73-27.43) P  .002
29.9 (28.1-31.77) 27.2 (27.2-27.2)
P  .25 P  1
8.59 (16.65-23.74) 18.6 (16.65-20.38) P  .041
20.5 (18.7-20.72) 17.7 (17.7-17.7)
P  1 P  1
MV-AV, mitral valve-aortic valve; AV-SAS, aortic valve-subvalvar aorticnts
1
3
1
tract;hicknessBSA in patients compared with controls, and this
ary 2007
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A
CDncrease in thickness was more obvious in patients aged less
han 10 years (group 1).
athogenesis of Subaortic Stenosis and Turbulence
he presence of ventricular septal defects may itself set the
cene for turbulent flow in the LVOT and subsequent subaortic
tenosis formation by a proliferative mechanism.14-16 By ex-
luding ventricular septal defects from our series, we have
ocused on other possible contributing morphologies in the
evelopment of chronic flow disturbance in the LVOT and
ubvalvar aortic stenosis. Chronic flow disturbance and turbu-
ent flow as a result of the abnormal geometry may be respon-
ible for increased shear stress, abnormal proliferative re-
ponse, and increased endothelial cell turnover in the sulbvalvar
egion that may be age dependent.6,14-16,24
ortic Regurgitation
ortic regurgitation is an important known associa-
ion3,10-12,17,25 (Table 1), and this is also demonstrated in
ur study. Multifactorial causes have been put forward for
he development of aortic regurgitation in association with
ubvalvar aortic stenosis.3,10,12,17,18,25 For example, the dis-
ance between the aortic valve and the subaortic lesion
ABLE 3. P values using the Wilcoxon signed–rank test
ndings in patients with subaortic stenosis and intact ven
Group 1
ortoseptal angle (degree)
Preoperation 125 (114.25-130
Postoperation 135 (118.25-137
P  .016
VOT widthBSA
Preoperation 8.68 (7.78-10.4)
Postoperation 15.43 (11.68-16.5
P  .008
V wall thicknessBSA
Preoperation 8.36 (7.3-9.5)
Postoperation 8.15 (7.63-9.41)
P  .94
eptal thicknessBSA
Preoperation 11.04 (7.85-12.24
Postoperation 11.08 (7.62-12.47
P  .94
V dimensionsBSA (in end diastole)
Preoperation 43.42 (41.32-45.9
Postoperation 42.04 (40.54-45.3
P  .313
V dimensionsBSA (in end systole)
Preoperation 26.21 (23.28-27.5
Postoperation 28.75 (25.67-32.4
P  .156
VOT, Left ventricular outflow tract; LV, left ventricle; BSA, body surfaceTable 2) may remodel flow through the valve. m
The Journal of Thoraciciming of Operation and Recurrence
uggested mechanisms for recurrence after surgical resec-
ion of the lesion include residual tissues and/or prolifera-
ion. Even after complete removal of the protruding lesion,
t is thought that the abnormal geometry of the LVOT
emains.6 Our study suggests that the outflow tract is “re-
odeled” postoperatively in terms of aortoseptal angle and
ortic valve dextroposition, especially in younger patients.
f this alteration upstream from the lesion can normalize
ow pattern, a potential risk of recurrence may be reduced.
he significant enlargement of the width of the LVOT
etected in the younger age group was not found in the
ldest patients. There are 2 possible reasons for this:
1) Proportionally less tissue was removed in older patients
ompared with young patients. (2) The tract itself in older
atients was intrinsically less narrow preoperatively; we
ere unable to find a significant difference in width of the
utflow tract when we compared the oldest group with
ontrols. Also, patients presenting at different ages for sur-
ery are likely to have different degrees of abnormal geom-
try, with the more severe cases requiring earlier surgery.
Furthermore, young patients could have an adaptive
echanism to remodel their LVOT, and this mechanism
aring preoperative and postoperative echocardiographic
lar septum
Group 2 Group 3
118 (113-128) 110 (105-110)
125 (116.5-132) 117 (112-120)
P  .62 P  .25
7.68 (7.45-8.6) 8.06 (6.72-8.12)
10.78 (9.71-12.60) 9.75 (7.98-27.10)
P  .12 P  .25
6.47 (5.98-7.12) 6.94 (6.13-7.81)
6.77 (6.10-7.19) 6.65 (6.42-7.59)
P  .62 P  .75
6.46 (5.65-7.93) 7 (5.9-9.5)
6.14 (5.49-6.22) 7.01 (6.46-9.87)
P  .25 P  .25
30.25 (29.26-34) 27.42 (24.73-27.43)
24.8 (21.94-28.32) 23.65 (21.12-26.68)
P  1 P  .5
18.59 (16.65-23.74) 18.6 (16.65-20.38)
16.67 (13.89-16.95) 13.89 (12.28-16.28)
P  .5 P  .25comp
tricu
.50)
.25)
7)
)
)
5)
3)
6)
7)ay be lost in older patients. Comparison of our postoper-
and Cardiovascular Surgery ● Volume 133, Number 1 201
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A
CDtive data with controls illustrates apparent “normalization”
f the aortoseptal angle occurring in the younger groups but
ot in the oldest group (Table 4). The different results
etween younger and older patients could also be explained
y the fact that these hearts change from pressure-loaded
entricles because of subaortic stenosis into volume-over-
oaded ventricles as the aortic valves begin to be incompe-
ent in the older age group. In the future, abnormal geometry
ould be addressed surgically to reduce the turbulence and
otential for recurrence. An aortoseptal angle less than 130
egrees and mitral valve-aortic valve separation BSA of
ore than 4.5 could be used as a predictive model for the
evelopment of subaortic stenosis.2 The pathophysiology of
ormation of abnormal geometry of acute aortoseptal angle
nd mitral-aortic valve separation needs to be better under-
tood before investigators address the cellular and turbulent
heories as possible mechanisms for subaortic stenosis
evelopment.
imitations
his retrospective study of 21 patients and 21 controls was
mall, and there was no follow-up. The wide age range
tudied necessitated arbitrary division of the patients into
he age groups. Postoperative echocardiography was per-
ABLE 4. P values using the Mann–Whitney nonparametric
ndings in patients with subaortic stenosis and intact ven
Group 1
ortoseptal angle (degree)
ostoperation 135 (118.25-13
ontrols 133 (130.25-13
P  .75
VOT widthBSA
Postoperation 15.43 (11.68-16.5
Controls 16.8 (16.45-18.0
P  .17
V wall thicknessBSA
Postoperation 8.15 (7.63-9.41)
Controls 6.8 (6.27-7.52)
P  .03
eptal thicknessBSA
Postoperation 11.08 (7.62-12.47
Controls 6.5 (6.25-7.17)
P  .03
V dimensionsBSA (in end diastole)
Postoperation 42.04 (40.54-45.3
Controls 41.2 (39.37-44.3
P  .93
V dimensionsBSA (in end systole)
Postoperation 28.75 (25.67-32.4
Controls 27.4 (25.17-32.7
P  .93
VOT, Left ventricular outflow tract; LV, left ventricle; BSA, body surfaceormed within 1 month of surgery, and longer follow-up
02 The Journal of Thoracic and Cardiovascular Surgery ● Januill determine whether the observed changes in the young
emain stable with time. Further research is needed to val-
date these echocardiographic predictors in a larger prospec-
ive study.
onclusions
he geometry of the LVOT in hearts with subaortic stenosis
nd intact ventricular septum is abnormal. Postoperatively
here were changes in LVOT width and aortoseptal angle.
ompared with controls, the aortoseptal angle does not
normalize” when surgery is performed in older patients,
uggesting that the geometry may be “remodeled” postop-
ratively in younger patients, making it advantageous to
erform surgery earlier.
eferences
1. Grech V. Incidence and management of subaortic stenosis in Malta.
Pediatr Cardiol. 2001;22:431.
2. Kleinert S, Geva T. Echocardiographic morphometry and geometry of
the left ventricular outflow tract in fixed subaortic stenosis. J Am Coll
Cardiol. 1993;22:1501-8.
3. Newfeld EA, Muster AJ, Paul MH, Idriss FS, Riker WL. Discrete
subvalvar aortic stenosis in childhood. Am J Cardiol. 1976;38(1):53-61.
4. Kelly DT, Wulfsberg E, Rowe RD. Discrete subaortic stenosis. Cir-
culation. 1972;46:309-22.
comparing controls and postoperative echocardiographic
lar septum
Group 2 Group 3
125 (116.5-132) 117 (112-120)
128.5 (126.5-131.5) 129 (122.5-135)
P  .81 P  .05
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